Abstract Information on the prevalence of deleterious BRCA1 and BRCA2 (BRCA1/2) mutations in clinic-based populations of Black women is limited. In order to address this gap, we performed a retrospective study to determine the prevalence of deleterious BRCA1/2 mutations, predictors of having a mutation, and acceptance of risk-reducing surgeries in Black women. In an urban unselected clinicbased population, we evaluated 211 self-identified Black women who underwent genetic counseling for hereditary breast-ovarian cancer syndrome. BRCA1/2 mutations were identified in 13.4 % of the participants who received genetic testing. Younger age at diagnosis, higher BRCA-PRO score, significant family history, and diagnosis of triple-negative breast cancer were associated with identification of a BRCA1/2 mutation. Of the affected patients found to have a deleterious mutation, almost half underwent prophylactic measures. In our study population, 1 in 7 Black women who underwent genetic testing harbored a deleterious BRCA1/2 mutation independent of age at diagnosis or family history.
Introduction
The prevalence of deleterious BRCA1 and BRCA2 (BRCA1/2) mutations in minority groups other than the Ashkenazi Jewish population has not been well studied. Population-based studies have reported that Black women are approximately two to three times more likely to have triple-negative breast cancer (TNBC) than White women [1, 2] and this clinical subtype of breast cancer has been associated with germline BRCA1 mutations [3] [4] [5] . Even among patients unselected for family history of breast cancer, women with TNBC are more likely to have BRCA1/2 mutations, and these patients are often diagnosed at an earlier age and have higher grade tumors than those without mutations [6] . Given the high rate of early onset breast cancer and TNBC in Black women, it is important to determine the prevalence of BRCA1/2 mutations in this population [7] .
To date, most data regarding BRCA1/2 mutations in Black women arise from population-based studies or from cohorts comprised highly selected families [8] [9] [10] [11] [12] . Two population-based series of female breast cancer patients found that Black women and non-Hispanic White patients had a similar prevalence of BRCA1 mutations, with estimates of BRCA1 mutation prevalence between 1.3 and 2.9 % [9, 10] . In a different setting where individuals were referred for genetic testing, estimates of BRCA1/2 prevalence in women of African ancestry ranged from 12.1 to 15.6 % and were significantly higher than in women of Western European ancestry (ranged from 7.5 to 12.1 %) [13, 14] . The literature consistently supports the fact that Black women have a higher incidence of variants of unknown significance (VUS) compared with other ethnic groups. In a comparative analysis of families with 2 or more cases of breast and/or ovarian cancer among first-and second-degree relatives, African Americans were reported to have a significantly higher prevalence of VUS (44.2 %) compared with non-Hispanic, non-Jewish whites (11.5 %) [12] . However, the incidence of VUS in BRCA1/2 has decreased over time, particularly among women of African ancestry [13] .
The purpose of this study was to determine the prevalence of deleterious BRCA1/2 mutations and VUS in an unselected urban clinic-based population of Black women with varied ancestry referred for genetic counseling for hereditary breast-ovarian cancer (HBOC) syndrome. We also describe predictors of deleterious BRCA1/2 mutations and risk-reducing measures taken after receipt of BRCA1/2 test results. Understanding the prevalence of BRCA1/2 mutations in this clinically representative population can inform physicians involved in the care of Black women in whom testing for HBOC syndrome may be considered.
Materials and methods

Participants
Participants were Black women (defined as women who self-identified as Black, African, or African-American) who underwent genetic counseling for HBOC syndrome, with or without testing for BRCA1/2 mutations, at two genetic counseling clinics at hospitals in Washington, DC between 2006 and 2012. Self-reported race was the only inclusion criterion. Eligible women were identified through review of electronic medical records, paper records when available, and the Familial Cancer Registry (FCR). The FCR is an integrated and comprehensive registry of individuals at high genetic risk for cancer developed at Georgetown University that includes detailed demographic data, family history, medical history, and cancer risk factors, in addition to biospecimens. Our study protocol was approved by the Oncology Institutional Review Board at MedStar Health Research Institute, Georgetown University. Informed consent was not required due to the deidentified nature of the study data.
Genetic counseling and testing
Women were self-referred or provider-referred to the genetic counseling programs at MedStar Washington Hospital Center (MWHC) and Lombardi Comprehensive Cancer Center (LCCC). At MWHC, participants were seen by a physician geneticist and a genetic counselor (GC) and the visit was billed to the patient's insurance. At LCCC, counseling was performed by a GC only at no charge to the patient. Genetic testing was performed on blood or saliva at Myriad Genetic Laboratories (Salt Lake City, UT). Women could provide a DNA sample at the conclusion of their genetic counseling session or at any time subsequently. Genetic testing was billed to the patient's insurance or was supported by a pharmaceutical grant from Genentech (City, State). Women who were underinsured or uninsured were eligible for grant funding.
Measures
In this retrospective study, we performed a review of the clinical charts from genetic counseling sessions. Data abstracted included socio-demographic variables; referral source; insurance status; family history of cancer; personal history of breast, ovarian, or fallopian cancer; BRCAPRO pre-test BRCA1/2 mutation probability; BRCA1/2 test results; and risk-reducing surgeries after receipt of test results.
Family history was based on information obtained by patient report. We defined significant family history as the presence of first-degree relatives (FDR) or second-degree relatives (SDR) affected with breast cancer diagnosed before age 50 or with ovarian cancer at any age. For women with a personal history of breast cancer, triplenegative phenotype was defined based on estrogen receptor (ER), progesterone receptor (PR), and HER2 available from pathology reports. Ten percent or more staining of ER and PR based on routine immunohistochemistry was reported as positive. HER2 was analyzed by IHC and, in the presence of equivocal results, by fluorescence in situ hybridization. Results regarding receptor status were not available for 8.7 % of patients.
BRCA1/2 status was recorded based on test results and interpretation provided by Myriad Genetic Laboratories. Four test results were possible: positive (when a deleterious mutation was detected), VUS (genetic mutation detected but unclear if it is associated with an increased risk for cancer), inconclusive negative test (no known deleterious mutations in relatives and none detected in the patient), or true negative result (if there is a known confirmed deleterious mutation in relatives and none detected in the patient). For patients in whom VUS were reported at initial testing, amended reports were issued over time if the VUS was reclassified after the initial post-test genetic counseling session. In such instances, the GC received an amended report, and all patients were contacted with new information and any change in interpretation. For the current study, the data on reclassification of VUS reflect updates received from Myriad as of March 31, 2013. Participants with breast cancer who had contralateral mastectomy for prevention and unaffected women or those affected with ovarian cancer who had bilateral mastectomy for prevention were classified as having risk-reducing mastectomy (RRM). Participants who had both ovaries and fallopian tubes removed for prevention were classified as having had risk-reducing bilateral salpingo-oophorectomy (RRSO). For the purposes of this study, women were considered to have undergone RRM and RRSO only if one or both surgeries were performed after post-test genetic counseling.
Statistical analysis
Demographic and clinical variables were summarized using descriptive statistics including means, standard deviations, and frequencies. BRCA1/2 mutation prevalence was calculated in our population as well as in various subgroups of interest. Further exploratory analysis was performed to evaluate the association of BRCA1/2 mutations with demographic and clinical variables. All variables were analyzed as possible predictive factors for having a deleterious mutation. The two-sample t test or the nonparametric Wilcoxon-Mann-Whitney test was used for comparing the group means when appropriate. v 2 test or Fisher's Exact test was used to compare categorical data. The effect of each variable was evaluated using logistic regression models in the univariate as well as multivariate setting. Data were entered into the Research Electronic Data Capture (RedCap) database. If a pre-test BRCAPRO score was not documented in the GC's chart, we calculated it using the software available online at http://www. utsouthwestern.edu/cancergene/, version 6.0. SAS software version 9.3 (SAS Inc. NC) was used for all statistical analysis. A p value \ 0.05 was considered statistically significant.
Results
Description of the study population
Two hundred and eleven Black women received genetic counseling for HBOC syndrome from 2006 to 2012 at two hospitals in Washington DC: 85.8 % at MedStar Washington Hospital Center and 14.2 % at MedStar Georgetown University Hospital. The mean age at the time of initial genetic counseling was 49 years. One hundred and ninetytwo patients (91 %) were probands. One hundred and fiftyfive patients (73.5 %) who underwent genetic counseling were affected: 149 with breast cancer and 6 with ovarian cancer (Table 1) . Five of these patients were non-probands. Out of 56 unaffected women who underwent genetic counseling, 42 were probands and the other 14 were relatives of individuals that tested positive for a deleterious mutation. Of these 14 non-probands, only 2 were found to be a true positive. The majority of women who received genetic counseling (N = 149; 70.6 %) underwent BRCA1/2 testing (Fig. 1) . Of those, 120 women had breast cancer, 6 had ovarian cancer, and 23 were unaffected with either cancer.
The mean age at counseling was 49 ± 11(SD) years. An oncologist or a surgeon referred most of the patients. The majority of the patients who presented for genetic counseling (62.1 %) had at least one first-or second-degree relative with breast cancer diagnosed before the age of 50 or with ovarian cancer (Table 1) . Most of unaffected participants (55.3 %) received genetic counseling after 2009. Participants who underwent genetic testing were younger (47.6 vs. 50.9 years, p \ 0.05), more often referred by an oncologist (42 vs. 21 %, p \ 0.01), and had a diagnosis of breast or ovarian cancer compared to women who were not tested (85.5 vs. 47 %, p \ 0.01).
Test results
Deleterious BRCA1/2 mutations were identified in 20 (13.4 %) women (Table 3) . Of the deleterious mutations, 55 % were identified in the BRCA1 gene (Table 2) . Five (35.7 %) of the 14 identified mutations were identified in more than one study participant, and 3 of these recurrent mutations were identified in more than one non-related study participant (5804del4, IVSI3 ? IG, IVS16 ? 6T) ( Table 2 ). All such carriers had a significant family history. VUS were initially identified in 14 (9.4 %) women, most in the BRCA2 gene. Nine (64.3 %) VUS were reclassified, all as benign polymorphisms except for one (Fig. 1) . Of the Black women tested in 2006-2009, 15.2 % had VUS compared to 4.9 % of Black women tested in 2010-2012. BRACAnalysis Large Rearrangement Test (BART), a multiplexed quantitative endpoint polymerase chain reaction assay to detect additional large genomic rearrangements in both BRCA1 and BRCA2, was performed in 31 (20.8 %) participants but did not identify any mutations.
Triple-negative breast cancer
Among patients with breast cancer who underwent genetic testing, 23 of 120 (19.2 %) had TNBC. Of those, 6 (21.4 %) had a deleterious mutation, 4 in the BRCA1 gene and 2 in the BRCA2 gene ( 
Predictors of BRCA1/2 mutations in women with breast cancer
Among patients who underwent genetic testing, those found to have a deleterious mutation were younger, more likely to have significant family history or to be affected with TNBC (Table 4) . Patients who had VUS that had not been reclassified at the time of this analysis (n = 5) were included in the category ''genetic testing and no deleterious mutation.'' Among patients with a history of breast cancer, higher BRCAPRO score, younger age at diagnosis, presence of significant family history, and being diagnosed with TNBC or hormone negative BC were found to predict the presence of a deleterious BRCA1/2 mutation in univariate analysis (Table 5 ). However, in multivariate analysis, only BRCAPRO score remained statistically significant factor predictive of having a deleterious BRCA1/2 mutation in women with a history of breast cancer (Table 5) .
Risk-reducing surgeries after genetic testing
Data on RRSO were available for 87.5 % (105 of 120) of the patients with breast cancer. Data on RRM were available for 84.9 % (107 of 126) of the patients diagnosed with breast or ovarian cancer. In addition, 47.8 % (11 of 23) of the unaffected women had available data regarding riskreducing surgeries.
Of the affected patients with a deleterious mutation, 42.9 % underwent RRSO and 41.7 % underwent RRM. Affected women with breast cancer and deleterious mutations were significantly more likely to undergo RRSO than affected women found not to have deleterious mutations (42.9 vs. 4.5 %, p \ 0.01). Affected women with breast or ovarian cancer and deleterious mutations were significantly more likely to undergo RRM than affected women found not to have deleterious mutations (41.7 vs. 9.9 %, p \ 0.01).
Insurance coverage for testing
Sixty-three (29.9 %) women who received genetic counseling and one-quarter of women who underwent genetic testing were underinsured (Medicare, Medicaid, or noninsured). Eleven (7.4 %) women who underwent genetic testing were able to receive testing only under grant support. Of those, 2 were found to have a deleterious BRCA1/ 2 mutation.
Discussion
In our study, we identified BRCA mutations in 13.4 % in an unselected clinic-based urban population of Black women who presented for genetic counseling for HBOC syndrome.
Our results are consistent with previous findings described by Hall et al. [13] in a cross-sectional analysis of 46,276 women who underwent DNA full sequence analysis of BRCA1/2 genes and reported 15.6 % of women of African ancestry with deleterious mutations. However, we report a higher prevalence than what was previously described in cohorts of Black women diagnosed with early onset breast cancer: Pal et al. [8] reported a prevalence of 6.5 % in Black women diagnosed with breast cancer before the age of 50 and John et al. [9] found a prevalence of 16.7 % if women were younger than 35 years old at diagnosis. Contrary to these studies, our study participants were older with a mean age of 47.6 years. In univariate analysis, the identification of a deleterious mutation in the participants of this study who were affected with breast cancer was associated with higher BRCAPRO score, younger age at diagnosis, diagnosis of hormone negative breast cancer, and significant family history. The small numbers of our cohort may explain why only the first factor was statistically significant in the multivariate analysis.
In evaluating the impact of having a diagnosis of TNBC in Black women, our data confirm that this is a significant predictor for detecting a deleterious BRCA1/2 mutation. Greenup et al. [15] have recently reported similar results in a retrospective review of 469 patients with TNBC referred for genetic counseling. In our population, more than 1 in every 5 Black women diagnosed with TNBC at any age harbored a deleterious mutation. If age and family history are taken into consideration, these numbers increase: more than 1 in every 3 Black women diagnosed with TNBC before the age of 50 was found to have a deleterious mutation and more than 1 in every 2 Black women diagnosed with TNBC with a significant family history had a deleterious mutation. Although numbers are small, these are compelling data that may have an important impact on clinical practice. Current indications for BRCA1/2 testing do not vary by race or ethnicity except for Ashkenazi Jewish individuals. Current guidelines from the National Comprehensive Cancer Network (NCCN) [16] recommend that patients diagnosed with TNBC before or at the age of 60 meet Defined as the presence of at least one FDR or SDR affected with breast cancer diagnosed before age 50 or with ovarian cancer at any age testing criteria for hereditary breast and/or ovarian cancer syndrome. Therefore, our finding that 30 % of women diagnosed with TNBC in this age group had a deleterious BRCA 1/2 mutation is not surprising. In clinical practice, available literature suggests that genetic counseling and testing is being underutilized in women who meet NCCN referral guidelines [17] but the magnitude to which counseling and testing is underperformed in minority populations has not been well investigated and is not addressed with this study. In our population, no women had large rearrangement mutations, although only 20 % of the patients underwent more extensive large rearrangement analysis (BART). In the literature, the prevalence of BRCA large rearrangements in Black women has been reported as 2.4 % in published data from Myriad Genetics that included highrisk African-American women [14] and 7.6 % in a small cohort of young Black women recruited through a cancer registry [18] . Therefore, it is possible that the rate of deleterious mutations in our population could be slightly underestimated.
Not surprisingly, the spectrum of mutations observed in our cohort is different from what has been reported in individuals of European descent. Some of the mutations identified were previously reported in the published literature and have been traced back to specific geographic origins. For example, the 943ins10 BRCA1 founder mutation has been traced back to its ancient origin in the Ivory Coast in West Africa [19] . Interestingly, the 5804del4 BRCA2 mutation that was identified in three participants of our cohort has been described in almost half of the carriers of deleterious mutations in a cohort of Arabic-American women [20] .
Historically, higher rates of VUS are seen in Black women than women from other ethnic groups [11, 12] , which makes risk assessment and genetic test result interpretation complex. Compared to older studies [12] , the rate of VUS in our cohort was lower and importantly the vast majority has since been reclassified. In fact, women of African descent have experienced the largest decline in rate of VUS in BRCA1/2 among all ethnicities, with an 87 % decline between 2002 and 2012 [21] . As more minority individuals obtain genetic testing, we would expect the frequency of VUS within these groups to continue to decline. However, the rapid integration of multi-gene testing for HBOC syndrome into clinical practice has resulted in more women who obtain VUS when tested for genes other than BRCA1/2 [22] [23] [24] . As such, it remains crucial to prioritize research about VUS reclassification, particularly in minority groups.
The acceptability of RRM and RRSO among Black women found to carry deleterious mutations is unknown. In a prospective evaluation of 465 participants who underwent BRCA1/2 testing, mainly Caucasians, more than 80 % of carriers had obtained either RRM or RRSO [25] . In a smaller study of 88 BRCA1/2 mutation carriers, RRSO was associated with being White, but minorities constituted only 11 % of the cohort [26] . Other studies have suggested that African-American women at high risk for breast cancer prefer to pursue surveillance instead of risk-reducing surgeries [27, 28] . In our study, almost half of the carriers underwent risk-reducing surgeries. However, the vast majority of our patients were affected and our study was not powered to address this question.
Interestingly, most participants in our study were affected, which is not surprising given that the majority of women were referred by oncologists. Affected high-risk women are appropriate probands, and it is recommended to test such women before testing at-risk relatives [16] . However, it is important to understand patterns of referral for genetic counseling in Black women among other providers such as obstetrician gynecologists, primary care doctors, and surgeons. Previous literature has suggested that physician recommendation of genetic counseling in high-risk unaffected black women based on family history is low [29, 30] . These findings highlight the need for further research on the patterns of referral for genetic counseling among minority groups. Among many factors that have been identified as barriers to genetic testing in Black women [31] [32] [33] , inadequate insurance coverage is a significant concern. In our population, 1 in every 10 BRCA1/2 mutation carriers would have remained unidentified without grant support. Health care policy decisions about coverage of genetic testing may influence identification of carriers and also uptake of genetic testing among Black women [34] . Under the Affordable Care Act, and based on current United States Preventive Services Task Force recommendations, genetic counseling and BRCA1/2 testing should be made available as a preventive service for appropriate individuals and without cost-sharing [35] . However, this only applies to unaffected women at high risk for breast and/or ovarian cancer and would not comprise the majority of our study participants.
The strength of this study lies in the inclusion of all individuals who underwent genetic counseling regardless of personal or family history. Moreover, through chart review, we had access to clinical information that allowed the detailed study of patients with TNBC and descriptive analysis of measures taken after receipt of test results. Most of the limitations of our study are related to its retrospective nature. While it was not possible to ascertain barriers to testing, we believe that a 70 % uptake of genetic testing in our study population is acceptable. Another limitation of our study is the lack of a comparative group of non-Black women who were seen for genetic counseling at these sites.
For most of the participants in our study, genetic testing was limited to BRCA1 and BRCA2 mutations. Recent data found that among high-risk African-American women diagnosed with breast cancer, 22 % tested positive for a gene mutation, 80 % of whom had mutations in the BRCA1/2 genes, while 20 % had mutations in PALB2, CHEK2, BARD1, ATM, PTEN, or TP53 [36] . Interestingly, two studies [37, 38] reported an association between PALB2 mutations and higher incidence of TNBC (30-54 %). For these reasons, it is of critical importance that Black women have access to genetic counseling not only to discuss the option of proceeding with multi-gene testing but also to have appropriate expertise in the understanding of mutation profiles.
Our findings are consistent with the limited body of literature available regarding Black women with BRCA1/2 mutations and underscore the importance of referring these patients for genetic counseling and testing, in particular, if younger at diagnosis, with a significant family history or found to have TNBC.
